Abstract: The diffusive gradient in thin film (DGT) is an
■ INTRODUCTION
Phosphorus (P) is one of the most important nutrients for marine eutrophication. The eutrophication in the aquatic ecosystem causes significant changes in biodiversity. The eutrophication causes an increase in plant and animal biomass, the frequency of algal blooms, the growth of rooted plants, and decrease the species diversity [1] . Phosphate is the first cause of eutrophication in an aquatic system. It accumulates in sediments and under some environmental condition can be released into the water [2] . Monitoring phosphate concentration is very important to prevent and control eutrophication. The effect of eutrophication is rooted mainly in ecological impacts as decrease species biodiversity and abundance [3] .
Sediment act as a sink where phosphate can be stored, and also as a source of phosphate for the overlying water and play an important role in the overall phosphate metabolism [4] . The release of phosphate from the sediments is an important source for the aquatic environment. Only dissolved phosphate can be released from the sediments to the overlying water. Release phosphate from sediment can be an important source of phosphate for the phytoplankton community in the water. If phosphate concentration is too high, algal growth may become blooming. Phosphate release from sediment is often the significant component of the phosphate budget of an aquatic system. Phosphate release is affected by a multitude of factors, such as pH, redox potential, temperature, hydrological condition and oxygen concentration [5] .
There are two main processes responsible for the regulation of phosphate exchange across the sedimentwater interface, i.e., sorption reaction between the sediment and porewater, and diffusive and connection movement between the pore water and overlying water column. By adsorbing phosphate or desorbing phosphate into the porewater, sediment act as a phosphate buffer in controlling solution phosphate concentration. On the other hand, the transport of dissolved phosphate between porewater and overlaying water occurs in various ways, with diffusive as the dominant mechanism [6] .
Several studies have demonstrated release of phosphate from sediment [7] [8] [9] . Effect of pH and oxygen has been studying in sediment [10] [11] [12] . The past study showed phosphate released from lake and river sediment and used the conventional methods. The sediment was contact with overlying water for a certain time, and the phosphate released to overlying water was determined by the spectrophotometric method. In this research, we studied phosphate release by diffusion and accumulation of phosphate with DGT technique. The DGT technique is the new method to study the phosphate release from sediment for the effect of salinity and oxygen condition.
The DGT technique is based on a simple device which accumulates solutes on a binding agent (oxide gel) after passage through a hydrogel. The concentration of an analyte in solution as calculated using Fick's first law of diffusion and the measured mass of solutes accumulation to binding agent after a known deployment time [13] . The diffusive layer consists of the acrylamide gel which enables simple diffusive ions of the desired solute across the membrane to the binding gel. The binding materials have been particles of ion exchange resin or ion compounds that during the preparation of the binding phase usually settle along one face of the hydrogel [14] . The amount of analyte species that is accumulated within the binding phase under this condition is assumed to be equivalent to the amount of analyte that passes through the diffusive layer.
The purpose of the study reported in this paper was to investigate the effect of salinity and oxygen condition (aerobic and anaerobic) on the release of phosphate from marine sediment. Phosphate release was detected by the diffusive gradient in thin film (DGT) technique. In this research, we study the phosphate release from marine sediment of Jakarta Bay, Indonesia.
■ EXPERIMENTAL SECTION

Materials
The DGT device with a diffusive gel of polyacrylamide and binding layer ferrihydrite, plastic molding were purchased from DGT research, Ltd (www.dgtresearch.com, England). Protective 0.45 µm pore-size cellulose nitrate (Merck Millipore Ltd, Ireland), NaCl (Merck, Germany), MgCl2 (Merck, Germany), CaCl2 (Merck, Germany), KH2PO4 (Merck, Germany), H2SO4 (Merck, Germany).
Instrumentation
The instrumentation was Spectrophotometer UVVis (Perkin Elmer -Lambda 35, PerkinElmer, Inc. USA).
Procedure
Sampling of sediment
The sediment sample was collected from marine sediment of Jakarta Bay, Indonesia (106 o 34' 32. 6" E, 06 o 01' 24. 2" S) in January 2018. The sediment was collected using grab sampling, put into a sample box and stored at 4 °C until analysis.
Assembling of DGT device
The DGT device with the binding layer containing ferrihydrite was prepared as described previously [13] . The diffusive layer of the sampler consisted of a polyacrylamide hydrogel and protective 0,45 µm poresize cellulose nitrate filter membrane. Standard pistontype DGT holder with a 2 cm diameter exposure window) was used to assemble the DGT device. A binding gel was placed on the bottom of the holder and was covered in order by a diffusive gel and 0.13 mm cellulose nitrate filter membrane. A piston-like plastic molding ion was used to support the gels and ensure that the single surface of this diffusion gel was in contact with the solutions. Scheme of DGT device shows in Fig. 1 .
In this experiment, the phosphate in oxide-gel layer (ferrihydrite) was eluted using a known volume (Vacid) of 0.25 M H2SO4. The concentration of phosphate in acid (Ce) was measured by the spectrophotometric determination as phosphomolybdenum blue [13] . The 
The volume of sulphuric acid was 5 mL and volume gel was 0.16 mL The phosphate diffuses in DGT device was calculated in the Eq. (2).
C is the concentration of diffused analyte through the DGT device. M can be obtained to direct measurement of phosphate species diffused through a known area (A) after a given time (t). The ∆g was the thickness of the gel membrane and D is the diffusion coefficient.
Phosphate release experiment
Phosphate released experiment was performed in sampling tubes (8 cm ×24 cm), the sediment depth in the tube was 4 cm. The water was slowly added to the tube to the height of 8 cm to avoid sediment resuspension. The DGT device was put in overlying water. Orthophosphate in overlying water was monitored during the experiment period. The diffusion and accumulation of phosphate were determined in the DGT device.
Effect of salinity on phosphate release
Each tube contained 250 g of fresh sediment and 500 mL demineralization water. The salinity effect was studied by the concentration of NaCl, MgCl2, and CaCl2. The concentration of NaCl (0, 5, 10, 15, 20, 25, 30 and 35 g/L), MgCl2 (0, 5, 10, 15, 20, and 25 g/L) and CaCl2 (0.5, 1.0, 1.5, 2.0, and 2.5 g/L). On the overlying water was put of DGT device and allowed to contact with the solution for 10 days. After 10 days the oxide-gel layer on DGT was eluted with H2SO4 and released phosphate concentration was determined by spectrophotometric method.
Effect of aerobic and anaerobic condition on phosphate release
Each tube contained 250 g of fresh sediment and 500 mL demineralization water. All experiment were incubated for 1-21 days and the sample was added O2 (aerobic condition) and bubbling N2 (anaerobic condition). The DGT device with oxide gel of ferrihydrite was put in overlying water. The phosphate in the overlying water was monitored during the experiment period. The diffusion and accumulation of phosphate were determined in the DGT device.
■ RESULTS AND DISCUSSION
Effect of Salinity on Phosphate Release from Sediment
Salinity is one of the factors that influence of phosphate release from sediment to overlying water. The salinity can influence of phosphate release from sediment because the interaction between sediment and overlying water makes the ion exchange reaction between sediment and water. Effect of salinity was studied by variation of concentration from NaCl, MgCl2, and CaCl2. The effect of NaCl used the range concentration of 0-35 g/L.
Fig . 2 shows the effect of NaCl concentration on released phosphate from sediment. NaCl concentration was varied from 0 to 35 g/L with incubation for 5, 10 and 15 days. Based on the experiment result, the increasing of NaCl concentration affected on the concentration of released phosphate from the sediment. The optimum concentration was obtained at salinity with a NaCl concentration of 30 g/L. The NaCl concentration of 35 g/L resulted in a decrease of phosphate concentration in the overlying water. At the concentration of NaCl 0 g/L and incubation time for 5, 10 and 15 days, the concentrations of phosphate release from sediment were 2.63, 7.05, and 46.58 μg/L, respectively. The increase of NaCl concentration to 30 g/L, the phosphates release were 15.46, 39.90 and 113.99 μg/L for incubation of 5, 10, and 15 days respectively. The phosphate release from the sediment decreased when NaCl concentration was above 35 g/L. Due to saturation of the solution, the high concentration of NaCl led to the absorption of phosphate in the solution into the surface of the sediment. NaCl would react with the phosphate in sediment such as Mg3(PO4)2 or Ca3(PO4)2. The Na + ion replaces the Mg 2+ ion or Ca 2+ ion so that an ion exchange reaction occurs which causes the phosphate release. The higher the NaCl concentration, the more phosphate is released. But in certain condition with very high NaCl concentration, the Na3PO4 compounds became saturated and precipitated to the sediment.
The salinity of seawater was studied by varying the NaCl concentration of 10 to 35 g/L. DGT device is placed into the overlying water to accumulate released phosphate from sediment. In this study, there was an increase in the amount of phosphate mass accumulation to the added NaCl concentration. Fig. 3 showed the relationship of NaCl concentration to phosphate mass accumulation in the binding gel. The concentration of NaCl of 0 g/L with incubation time for 5, 10 and 15 resulted the accumulation of phosphate on the binding gel in DGT device of 0.0452, 0.4672 , and 2,9196 μg, respectively. Increasing NaCl concentration at 30 g/L with incubation for 5, 10 and 15 days caused an increase of phosphate accumulation on DGT device in the order of 0.4245, 3.2224, and 4.7723 μg, respectively. At the NaCl concentration of 35 g/L, there was a decrease in phosphate accumulation in the binding gel. The higher the salinity, the higher phosphate released from the sediment and caused the higher phosphate accumulated in DGT device. In the condition of very high salinity about 35 g/L, the sodium phosphate in the solution will be absorbed in the sediment that caused by the saturated of NaCl solution. A reduction in the amount of phosphate in the solution causes a decrease of phosphate accumulated in the DGT device. The correlation between NaCl concentration with the phosphate diffusive to the DGT device (CDGT) has been shown in Fig. 4 . The incubation for 5 days with a NaCl concentration of 0 g/L showed the diffused phosphate concentration to DGT was 0.51 μg/L. The concentration of NaCl to 30 g/L increased CDGT to 4.81 μg/L and after concentration was over than 35 g/L, there was a decrease in the concentration of phosphate diffuse to the DGT device.
Incubation for 10 days with NaCl concentration of 0 g/L resulted in a diffusion phosphate of 2.58 μg/L. The NaCl concentration of 10 g/L caused a significant The NaCl concentration at 35 g/L causes a decrease of the phosphate concentration which diffused into the DGT device. At the higher salinity than 35 g/L, the released phosphate will decrease due to saturated of the solution and sodium phosphate will be returned into the sediment. The effect was also caused by the higher NaCl concentration that will affect phosphate diffuse on the DGT device. Phosphate mobility and diffusion became slow and disrupted that caused by many ions in the solution. The salinity can affect the process of phosphate uptake in marine sediments. The low of salinity can increase the phosphate absorption process in the sediment [16] . This result is significant with the data obtained where the salinity is low then the release of phosphate is also small and it shows a larger sorption process. The salinity of seawater is influenced by the presence of major cations (Na ). Increased of salinity can change the chemical equilibrium between the solution and sediment. This can change the ion activity coefficient. The phosphate ion activity coefficient decreases with increasing of salinity from seawater. The presence of cations as the increase of salinity would compete with other ions resulting in desorption on the surface of the particle [17] . Fig. 5 shows the correlation of MgCl2 concentration to phosphate release from sediment. The experiment results showed that the increase of MgCl2 concentration reduced phosphate release from sediment. The MgCl2 concentration of 0 g/L phosphate release from sediment was 54.38 μg/L. The MgCl2 concentration was increased to 25 g/L and phosphate release from the sediment decreased to 11.48 μg/L. The phosphate species bound in the sediment was stable that might be caused by the presence of MgCl2 in solution, so that the phosphate release process can be controlled. The exchange reaction between phosphate in sediment with MgCl2 will form the Mg3(PO4)2 which has a low solubility in the water. Because of the low solubility of the magnesium phosphate compound, it will reduce the phosphate release from sediment into overlying water. Salt-induced aggregation and flocculation of suspended matter are recognized as a major factor in the removal of particles from the water column, resulting in an increase in light penetration and may in an increased photo synthesis. The rate of clarification is enhanced by the presence of divalent cation (particularly Ca 2+ and Mg 2+ ) common in saline groundwater [18] . The increase of The relative proportion of cations and anions in water change chemical equilibria and solubility of some minerals. The increasing ionic strength as a consequence of salinization can also disrupt chemical equilibria between dissolved and particulate phase. Either through changes to ion activity coefficients through salt ions blocking mineral surface adsorption site [17] . Fig. 9 shows the accumulated phosphate on the binding gel in the DGT device. The experiment result showed that the higher concentration of CaCl2 decreased the phosphate accumulation. The effect of phosphate As shown on Figure 10 ,the higher concentration of CaCl2 causes a decrease in phosphate diffusion to the DGT device. The effect of CDGT is indirect to the phosphate release from sediment into overlying water. The CaCl2 concentration of 0 g/L showed a diffuse phosphate to DGT device of 3.74 μg/L. The CaCl2 concentration of 2.5 g/L indicates the decrease of phosphate diffuse to 1.21 μg/L.
The activity coefficient of phosphate decrease with the increase of salinity that indicated the phosphate should be more soluble in saline solution than in fresh water. Surface chemistry may also be disrupted with increasing salinity as cations present in salt compete with other ions for desorption sites on particle surface [17] . The decrease of salinity caused the increasing of the phosphate adsorption in sediment [16] . As a result, there was a significant release of native adsorbed phosphate to seawater particularly in high salinity waters.
Effect of Oxygen Condition to Phosphate Release from Sediment
The effect of oxygen condition on phosphate release from sediment and phosphate absorption in the DGT unit is carried out by bubbling of O2 into the solution for aerobic conditions and bubbling of N2 to anaerobic conditions. The oxygen condition influences of the phosphate release because the oxygen condition (oxicanoxic) can exchange of potential redox from phosphate bound to the ion with have more than one valency such as iron and release from sediment to overlying water. During the incubation, the dissolved oxygen (DO) concentration in aerobic condition was from 7.14-9.60 mg/L. Under anaerobic conditions the DO concentration is set below 1 mg/L with a range of 0.38-0.70. The Phosphate release on aerobic and anaerobic conditions was performed with sediment incubation for 21 days. Fig. 11 shows the effect of oxygen condition on phosphate release from sediment. A high oxygen concentration (aerobic) is carried out by bubbling O2 until DO concentration above 8 mg/L. The anaerobic condition is carried out by bubbling of N2 and the DO concentration is below 1 mg/L. The experiment result has shown that the released phosphate from the sediment under anaerobic conditions was higher than the aerobic conditions. The aerobic and anaerobic conditions were incubated for 1 to 21 days. The observations on aerobic conditions with incubation for 1 day showed the phosphate released from sediment was 9.23 μg/L. The incubation was continued for 21 days resulting in an increase of the phosphate released of 124.79 μg/L. The anaerobic condition shows a higher In aerobic condition, phosphate release in the sediment was limited by the high oxygen concentration in the overlying water. The phosphate release from sediment to overlying water is higher in anaerobic conditions than in aerobic conditions. In aerobic conditions, phosphates bound to Fe 3+ as FePO4, Fe2(HPO4)3, Fe(H2PO4)3. In this condition, the phosphate in overlaying water can be reabsorbed by Fe(OH)3 in the sediment so that the phosphate is difficult to release from the sediment. These results are consistent with previous studies that have been reported [20] . The condition of the oxygen deficiency (anaerobic) on phosphate release is influenced by the presence of iron ions in the sediments [21] . The anoxic (anaerobic) condition causes iron(III) wad reduce to iron(II). In the process of oxidation change, it can cause phosphate release from the sediment into the overlying water. The Fe(III) reduction can release of phosphate bound as Fe-bound P in the sediment [22] . The concentration of DO in sediment and overlying water is controlled by redox potential. The release of phosphate from sediment under anaerobic conditions can increase the amount of phosphate to the water system. This can increase eutrophication and oxygen demand in water and sediment. Because of the increased phosphate concentration in the sediment due to the sedimentation process resulting in the rate of phosphate release also increased [23] .
The effect of oxygen conditions on phosphate accumulation in the binding gel is shown in Fig. 12 . The result of experiments shows that phosphates were more accumulated in binding gel under anaerobic conditions than aerobic conditions. The larger release of phosphate in solution in the anoxic (anaerobic) condition indicates that adsorbed phosphate on the binding gel is larger. Each of the aerobic and anaerobic conditions was performed incubated for 1 to 21 days. Observations on aerobic conditions with incubation for 1 day showed accumulated phosphate of 0.1013 μg. Incubation is continued until 21 days and the phosphate mass increases to 2.4492 μg. The incubation for 1 day showed accumulated phosphate mass of 0.2893 μg. Incubation for 21 days resulted in a phosphate mass increase of 6.1081 μg.
In the sediment, the phosphate can be interaction with iron makes the FeO-H2PO4, (FeO) Fig. 13 shows the effect of aerobic and anaerobic conditions on phosphate diffusive to DGT device. In anaerobic conditions, the concentration of diffused phosphate was larger than the aerobic condition. In aerobic conditions for incubation of 1 day showed the concentration of phosphate diffusion of 5.5919 μg/L. In anaerobic conditions for 1 day incubation showed a diffuse phosphate concentration of 15.8722 μg/L. During incubation from 3 to 21 days, there is a fluctuation in phosphate concentration which diffuses to DGT device. Based on the experiment, there was no linear correlation between the incubation time of both aerobic and anaerobic conditions to the phosphate diffusing from the solution to the DGT device.
The aerobic condition is generally considered to promote phosphate uptake by sediments and anaerobic condition is conducive for release [24] . Iron and its redox play a major role in influencing and controlling phosphate exchange between the sediment and overlying water. In anaerobic condition, phosphate appears from the anaerobic bottom deposits, where it becomes trapped in the ferric complexes. When the oxidized microzone becomes reduced under anaerobic condition, the iron is then reduced to the ferrous form, with a concurrent release of phosphate to the overlying waters [23] . The suggestion mechanism for aerobic release phosphate is through the mineralization of organic phosphate. Desorption by chemical and biological processes of loosely bound phosphate as well as the mineralization of sedimentary organic phosphate was the mechanism for aerobic release. The phosphate concentration in the overlying water was higher in the anaerobic condition than in aerobic condition. Our result is consistent with those previous report that release occurred in the anoxic condition [2, 12] . Oxygen deficiency is known to release phosphorus bound onto iron oxy(hydroxide). Ironbound to phosphorus is often considered the major internal source of phosphorus in the sea sediment [21] . Fig. 13 showed the phosphate in the sediment was released to the overlying water in both aerobic and anoxic condition but the release quantity was different.
The aerobic condition, phosphate release in the sediments was limited by the high oxygen concentration in the overlying water which was not beneficial to algae growth [11] . These observations suggest that biological activities may also play a role in the increase in pH in the anaerobic system. The result is further supported by a previous study that the released phosphate from the sediments in the anaerobic condition was much more available to the alga growth than that in aerobic condition [11] . But in aerobic condition, phosphate release in the sediment was limited by the high oxygen concentration in the overlying water which was not beneficial to algae growth.
■ CONCLUSION
The release of phosphate from marine sediment of Jakarta Bay was observed by the effect of salinity and oxygen condition. The detection of phosphate release used the new technique of diffusive gradient in thin film (DGT). The salinity effects were studied by variation of concentration from NaCl, MgCl2, and CaCl2. The increase of NaCl concentration showed the increase of phosphate release from sediment. The maximum concentration showed at 30 g/L of NaCl. The effect of MgCl2 concentration from 0 to 25 g/L and CaCl2 concentration from 0 to 2.5 g/L showed the decrease of phosphate release with the increase of salt concentration. The effect of oxygen concentration was studied with added O2 (aerobic condition) and N2 (anaerobic condition). The anaerobic condition showed higher than the aerobic condition for phosphate release from sediment with incubation for 21 days.
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